The relative difference {ABLB) between the internal electromigration mobilities of 22 Na and 24 Na in molten NaNOs has been measured in the range 340 -515 °C. The internal mass effect,
Previous studies of isotope effects of countercurrent electromigration in molten salts have included the alkali nitrates 1 and thallium nitrate 2 .
For NaN03 , SAITO and coworkers 3 measured the mobility difference between the radioactive isotope 22 Na and the stable isotope 23 Na. The accuracy of that experiment was, however, low, because the specific activity measurement was based on the assumption that the sodium nitrate was pure, while a certain contamination due to thermal decomposition, corrosion of the packing material, etc. could hardly be avoided.
The purpose of the present work is to re-determine the mass effect by using two radioactive isotopes 22 Na and 24 Na which should enable a higher accuracy, with the object of comparing with the results obtained by zone electromigration 4 and, at the same time, to confirm the basic assumption that there is no difference whether the mass effect is determined for a tracer isotope ( 22 Na) and a dominating isotope ( 23 Na), or for two tracer isotopes ( 22 Na and 24 Na). Another aim of this work is to measure the temperature dependence of the mass effect.
I. Experimental
A separation tube of Vycor which had been packed with quartz powder (100 -150 mesh) was inserted into molten sodium nitrate containing both 22 Na and 24 Na (Fig. 1 B) . After the molten salt had risen up to the top of the diaphragm of quartz powder, the separation tube was transferred into another vessel containing molten non-radioactive sodium nitrate ( Fig. 1 A) , and the electromigration was started. A platinum wire and an aluminum tube were used as the anode and the cathode, respectively. During electromigration, a mixture of nitrogen dioxide and oxygen was bubbled through the cathode tube. After electromigration the separation tube was taken out, allowed to cool, cleaned * Present address: Department of Physics, Chalmers University of Technology, Güteborg, Sweden, on leave from Tokyo University.
thoroughly on the outside wall and cut into sections of 10 -15 mm length. Fig. 1 . Electromigration cell for molten NaNOs. A) Electromigration cell. B) Vessel for filling molten radioactive NaN03 into the separation tube. The decay of radioactivity in each section was followed with a well-type Nal(Tl) scintillation counter for more than 90 hr, that is, six times the half life of 24 Na. At the time t, the radioactivity Ai (counts per minute, cpm) in the section i is given by Ai = Cf 2 exp{ -222 t} + Ci 2i ex p{ -^24 '} , 
©

t).
After radioactivity counting, the salt in each section was dissolved in distilled water and filtrated from the quartz powder. An aliquot of the solution was thoroughly eluted through an anion exchanger of Cl-form, and the eluted chloride ion was titrated with a silver nitrate solution. Other aliquots were used for the determination of nitrate and oxide ion concentration.
II. Results
By plotting the count ratio (a; = Cf 4 /Cj 22 ) in each section against the distance of the section from the anode, it was checked that the initial ratio remained unchanged in an extended part of the tube.
Detailed electromigration results for one experiment are shown in Table 1 .
In the previous investigation 3 , the quartz powder and the salt were packed one after the other a little at a time into the separation tube. However, with the present procedure, the separation tube could be packed more densely and uniformly, which made the effective diffusion coefficients (cf. 
where at -Cj 24 /Cj 22 : the subscript 0 refers to a reference sample, Ni is the number of equivalents of NaN03 in the section i, Q the transported charge, and F the Faraday constant. The summation was made from the section nearest to the anode to the section where no isotopic enrichment of 24 Na was detected.
The results are tabulated in Table 2 .
III. Discussion
The internal mass effect at 340 °C, i. e. approximately 5% (in °K) above the melting point, is cal- 
which LUNDEN and EKHED 6 have proposed for pure molten alkali nitrates at temperatures 5% above the melting points on the basis of the mass effect data of LiN03 6 , KN03 7 ' 8 , and RbN03 8 > 9 . Here m+ is the mass of the cation. Another empirical relation were not needed for calculation of the mass effect, they were measured only once. 15 In Exp. Nos. 3 and 6, electromigration was interrupted for about 2 hours. c The nitrate content was measured for the sections near the anode where 24 Na was enriched, and the highest and the lowest values in these sections are given here. The oxide content was less than 1 mole %. d Enrichment of 24 Na and 22 Na was detected at the regions in the top and the bottom part of the separation tube, respectively, e The effective diffusion coefficients were evaluated according to the relation DE{F = L 2 /JT T **, where I is the length of the region in which 24 Na was enriched, and T is the duration of electromigration. The self-diffusion coefficients, which were estimated according to Ref. between the mass effect and the cationic radius r + proposed by them 6 is -/'int = 0.0523/r + .
According to Eqs. (3) and (4), the mass effect for NaN03 is calculated to be -0.057 and -0.054, respectively, where r+ = 0.97 Ä is adopted.
From the present internal mass effect, the external mass effect is evaluated to be -0.079 ± 0.002 at 340 °C according to the relation //ext = jLiint/t+ 10 , where t+ is the external ransport number of sodium ion in NaN03 (t+ = 0.71 ± 0.01
1.e. 11 ' 12 ). This value agrees well with that measured with zone electromigration (/text = -0.081 at 360 °C for pure NaN03 4 ). Sodium nitrate is the only case, for which the isotope effect in zone electromigration of pure molten salts has been measured. Therefore, it is interesting to note that this agreement supports the expectation 10 that the mass effects from both kinds of electromigration should agree with each other.
The mass effect has been measured at three different temperatures and was found to be higher at 435 °C than at either lower (340 °C) or higher 
where t is the temperature in °C.
A maximum for the mass effect of sodium has also been found with zone electromigration 4 
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From Eqs. (6) and (7), it follows that
where hi is defined as hi = u-Ju{.
If ü = 2 x i is introduced, it follows from Eq. i (8) by giving the linear approximation of the expansion in powers of the small quantities (A; -1),
Now, if one specifies 1 = 22 Na, 2 = 22 Na 23 NaN03, 3 = 22 NaN03 , 4 = 22 Na(N03)2 , and i = the corresponding species of 24 Na, and supposes u3 = u3 = 0, one gets 291 a -\=xx {f (Ai-1) } In the model in which only Na + and NaN03° are assumed 4 , the equation corresponding to Eq. (10) is given by
1) +(i-(t)) (^-i)}
CHEMLA and coworkers 4 have proposed that x3 increases and (k3 -l) decreases with rising temperature, thus produing a maximum of a. However, their assumption that at low temperatures x3 increases with rising temperature is difficult to accept, and, as mentioned above, at higher temperatures the decrease of the quantum effect (k3 -1)
cannot explain the large decrease of a.
As far as the internal mass effect is concerned, If we assume that the temperature dependence of both D+ and A can be expressed by Arrhenius' equations, we find that
For those salts for which the activation energy of self-diffusion, AHD , is larger than that for electric conductivity, AH J , we can expect that the temperature coefficient [Eq. (13) It is interesting to note that for NaN03 and RbN03 20 the mass effect has a maximum point as a function of temperature, while for KN03 the mass effect increases with rising temperature over the whole studied range 7 , and for LiN03 the influence of temperature is small 21 . Thus, the temperature dependence of the mass effect for alkali nitrates is complicated.
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